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离成三类组分，通过 FTIR、1HNMR、UV-Vis和 HPLC 等表征手段对三类活性组
分进行鉴定：组分 SLo、S0及 S1属于糖类化合物；组分 S2及 S3属于多酚类化
































备所得催化剂在线评价 36 h 出现严重的失活，而多酚、黄酮组分制备所得催化
剂表现出很好的稳定性。PO 的吸脱附实验表明三类组分制备所得催化剂表面并
没有积碳物质的生成；反应前后催化剂的 BET 结果显示多聚物没有堵塞载体孔





















Plant has been used in the preparation of nanocatalysts, as a natural reducing
agent and protective agent, Improtantly, plant-mediated synthesis of nanaostructured
metal catalysts is gaining more and more attention due to their low-cost and
environmental-friendly advantage, and the as-synthesized catalysts demonstrate high
catalytic activity and stability for some important industrial reactions. However, due
to the diversity of plant and the complexity of biomolecule structure, the mechanism
that the role of plants on the nanocatalysts is still challenging. At present, reaearchers
mainly focused on the role of active biomolecules on the synthesis of nanoparticles by
analyzing the content variation of active components or spectra shift on Fourier
transform infrared spectroscopy (FTIR) before and after the synthesis. But the role of
biomolecules in subsequent catalyst preparation (loading and calcination) and
catalytic reaction was rarely mentioned. In this study, we adopted silica gel column
chromatography to separate the active biomolecules in Cinnamomum camphora (CC)
aqueous extracts, and then the obtained separated components were used to prepare a
series of Au/TS-1 catalysts towards vapor-phase epoxidation of propylene. By
comparing the catalytic activity with the aid of multiple characterizations, we tried to
reveal the influence of biomolecules on the catalytic activity and stability of
propylene epoxidation over Au/TS-1 catalyst.
Firstly, according to the polarity difference of active components, Cinnamomum
camphora (CC) extract were separated into three groups ( SLo-S1, S2-S3 and S4-S6 )
through C18 reversed phase silica gel column, and were identified as carbohydrates,
polyphenols and flavonoids respectively with the aid of FTIR、1HNMR、UV-Vis、
HPLC. Then the separated components were used to react with HAuCl4. It was found
that the reducing ability of flavonoids was the strongest, and that of carbohydrates
was the weakest.
Furthermore, a series of Au/TS-1 catalysts towards propylene epoxidation was















And catalyst evaluation demonstrated that the Au/TS-1-S5 catalyst is the most active
with the PO formation rate of 219.68 gpo kgcat-1 h-1. Its high catalytic activity can be
explained as following: XPS spectra show that the catalyst prepared by flavonoids is
only loaded with Au0 due to the strongest reducing power among the three
components; XRD and TEM results indicate no obvious size variation of AuNPs after
calcination resulting from the presence of -COOH. In addition, high surface
hydrophobicity of the catalyst is helpful to improve the catalytic activity towards
vapor-phase epoxidation of propylene. The Au/TS-1-S2 catalyst shown superior PO
selectivity for propylene epoxidation, because polyphenols can effectively reduce the
acidity of the catalyst surface and improve its diffusion.
Finally, we investigated the stability of catalyst prepared by three separated
components during 36 h at 300 ℃. The PO formation rate of catalysts prepared by
carbohydrates rapidly decreases with the function of time-on-stream, while that of
catalysts prepared by polyphenolss and flavonoids nearly constant, suggesting
remarkable catalytic stability for the propylene epoxidation. In-situ FT-IR spectra
show that the deactivation of catalyst is not caused by the blocking of active sites with
carbonaceous deposits. BET results indicate that no propylene oxide oligomers block
the microspores. However, TEM results demonstrate that the sintering of gold
particles are contributing to the deactivation of catalysts prepared by carbohydrates.
The catalyst prepared by polyphenols and flavonoids components demonstrated
remarkable stability because the -COOH in these components can prevent Au NPs
from agglomeration. Based on the above results, the Au/meso-Ti-Si catalyst prepared
by chemical method, which is easy to be deactivated, was modified by CC extracts
and the stability of the catalyst was effectively improved.


































































2.3.2 分离组分的 FTIR 分析..................................................................... 21

































































Abtract (in Chineses).................................................................................. I
Abtract (in English).................................................................................. III
Table of Contents(in Chineses).................................................................V
Table of Contents (in English)...............................................................VIII
Charpter 1 Review on literatures.............................................................1
1.1 Process for production of propylene oxide................................................. 1
1.1.1 Chlorohydrin process............................................................................ 1
1.1.2 Hrdroperoxide process.......................................................................... 1
1.1.3 Hydrogen peroxide oxidation................................................................2
1.1.4 Epoxidation of propylene by molecular oxygen ................................. 3
1.1.5 Epoxidation of propylene with H2/O2................................................... 3
1.2 Research progress in epoxidation of propylene with H2/O2........................3
1.2.1 Factors affecting Au catalytic performance...........................................3
1.2.2 Deactivation of Au catalyst................................................................... 5
1.2.3 Preparation of Au catalyst..................................................................... 8
1.3 The role of active biomolecules in the synthesis of nanoparticles.............. 9
1.3.1 Reduction............................................................................................... 9
1.3.3 Protection............................................................................................. 12
1.4 Separation of active components.................................................................13
1.4.1 Organic extraction............................................................................... 13
1.4.2 Supercritical fluid extraction............................................................... 14
1.4.3 Macroporous resin adsorption.............................................................14
1.4.4 High performance liquid chromatography.......................................... 14
1.4.5 Silica gel column chromatography......................................................15















Chapter 2 Separation and identification of active biomolecules.......17
2.1 Introduction.................................................................................................. 17
2.2 Experimental section....................................................................................17
2.2.1 Materials and chemical reagents......................................................... 17
2.2.2 Equipment........................................................................................... 18
2.2.3 Preparation of CC extract......................................................................18
2.2.4 Separation of active biomolecules by silica gel column..................... 19
2.2.4 Characterization of active biomolecules............................................. 19
2.3 Results and discussion..................................................................................20
2.3.1 Separation of active biomolecules by silica gel column.................... 20
2.3.2 FTIR analysis...................................................................................... 21
2.3.3 1HNMR and UV-Vis analysis................................................................23
2.3.4 HPLC analysis......................................................................................25
2.4 Summmary....................................................................................................29
Chapter 3 Effect of biomolecules on the activity of Au/TS-1 catalyst
towards propylene epoxidation ............................................................30
3.1 Introduction.................................................................................................. 30
3.2 Experimental section....................................................................................30
3.2.1 Materials and chemical reagents........................................................ 30
3.2.2 Equipment........................................................................................... 31
3.2.3 Preparation of catalyst.........................................................................32
3.2.4 Evalution of catalytic performance..................................................... 33
3.2.5 Characterization of catalysts and nanoparticles.................................. 34
3.3 Results and discussion..................................................................................36
3.3.1 Reducing capacity of active components............................................ 36
3.3.2 Catalytic performance of different catalysts....................................... 39
3.3.3 Effects of active biomolecules on catalytic performance....................40
















Chapter 4 Effect of biomolecules on the stability of Au/TS-1 catalyst
towards propylene epoxidation.............................................................. 53
4.1 Introduction................................................................................................. 53
4.2 Experimental section...................................................................................53
4.2.1 Materials and chemical reagents......................................................... 53
4.2.2 Equipment........................................................................................... 54
4.2.3 Preparation of catalysts......................................................................... 54
4.2.4 Characterization of catalysts............................................................... 54
4.3 Results and discussion.................................................................................54
4.3.1 Stability of different catalysts..............................................................54
4.3.2 Analysis of the catalytic stability .................................................... 56
4.3.3 Modification of catalyst prepared by chemical method...................... 61
4.4 Summary....................................................................................................... 64































































+ Ca(OH)2 2 CHH3C CH2













































































































Ozbek 等利用 Ag/α-Al2O3催化剂，直接催化 O2和乙烯生成 PO[7, 8]。受到乙
烯直接氧化合成环氧乙烷的启发，研究者们尝试采用同样的方式生产环氧丙烷。













米 Au 颗粒为催化剂，利用 H2和 O2直接气相氧化生成环氧丙烷，PO 的选择性
高达 90%以上[17]。在这之后，Au催化剂成为该领域的热点[18]。
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